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in deep drawability. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ferritic stainless steel / aluminum-clad plate excellent in the deep-drawing moldability 
characterized by the bonding strength after a ferritic grain size number's consisting of the ferritic 
stainless steel and aluminum of the range of 7 to 10 and performing diffusion heat treatment for this 
ferritic stainless steel and aluminum after rolling junction being 20Ns/mm or more. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to ferritic stainless steel / aluminum-clad plate excellent 
in a deep-drawing moldability, especially the cracking resistance near the punch shoulder of the 
ingredient in deep drawing with a big punch shoulder radius. 
[0002] 

[Description of the Prior Art] In recent years, the clad plate which compounded the dissimilar metal with 
which properties differ is used in extensive fields, such as a kitchen supply, building materials, and 
electronic parts, as an ingredient which has each advantage. The ferritic stainless steel / aluminum-clad 
plate which was excellent in corrosion resistance and reinforcement, and combined the febrile good 
ferri tic-stainless- steel plate by induction heating and the thermally conductive good aluminum plate 
especially are widely used for the induction heating cooker application. 
[0003] As the manufacture approach of ferritic stainless steel / aluminum-clad plate, although 
manufactured by various approaches, such as the diffused-junction approach and the rolling junction 
approach, as an approach of manufacturing a sheet metal clad plate efficiently, the rolling junction 
approach is used widely. 

[0004] Generally, since the plate after rolling work hardens the clad plate after cold rolling junction and 
ductility is falling, softening is heat-treated after rolling, the ductility of a clad plate is recovered, but 
since the softening temperature of ferritic stainless steel is quite higher than the melting point of 
aluminum, softening is impossible for the case of ferritic stainless steel / aluminum-clad plate. 
Therefore, generally from a viewpoint of the workability of ferritic stainless steel / aluminum-clad plate, 
the approach of raising the ductility of the ferritic stainless steel / aluminum-clad plate after rolling 
junction as much as possible is performed using the elasticity possible ferritic stainless steel [ of a clad 
material ] ingredient. Therefore, in the ferritic-stainless-steel material of ferritic stainless steel / 
aluminum-clad plate application, the method of setting up finishing annealing temperature more highly 
and softening ferritic stainless steel is taken after cold-rolling to predetermined board thickness. Thus, as 
for the manufactured ferritic-stainless-steel material, ferrite crystal grain turns into coarse grain, and a 
ferrite grain size number (JISG0552) becomes less than six small thing. However, although an 
ingredient is elasticity, in deep-drawing shaping, especially the deformability of the clad plate in deep 
drawing as follows with a big punch shoulder radius is not enough. 
[0005] 

[Problem(s) to be Solved by the Invention] The device which raises thermal efficiency comes to be 
called for as product configurations, su ch as an induction heating cooker in recent years, and the severe 
configuration of processing conditions came to be required. In order to enlarge the bend radii in the 
bending section from a base to the wall section, to be devised so that heat convection effectiveness may 
be raised and to secure content volume so that IH rice cooker inner kettle etc. may see especially, the 
configuration where a contraction ratio is high is demanded. In addition, a contraction ratio here means 
the ratio of the diameter of punch when performing draw forming, and the diameter of a blank (diameter 
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of the disc-like ingredient before a diaphragm). 

[0006] In deep-drawing shaping with common ferritic stainless steel / aluminum-clad plate, the bonding 
strength of ferritic stainless steel and aluminum may be weak, and the crack in the bending section of a 
flange may become a problem. The method of raising a deep-drawing moldability by raising bonding 
strength which is looked at by JP,5-3 17983,A and JP,7-223081,A as this cure is indicated. It is the 
approach of fabricating controlling the deep-drawing force, while the former gives heat treatment here at 
the metal clad plate as a product, and the latter makes it a main point to reduce the oxide film of an 
interface at the time of cold rolling manufacture of a clad plate. 

[0007] However, in deep-drawing shaping of a configuration with the big bend radii in the bending 
section from a base which is called for recently to the wall section, big punch of a punch shoulder radius 
is used and the crack in the punch shoulder equivalent section occurs in many cases. When the board 
thickness of a flange increases during deep-drawing shaping and inflow resistance inside a dice 
increases as a generating phenomenon of a crack, it becomes impossible for the big part of board 
thickness reduction of an ingredient to bear a shaping load, and a crack occurs. In the punch shoulder 
equivalent section, when a punch shoulder radius is large, since biaxial tension-bending deformation like 
stretch forming becomes large, board thickness reduction in this location becomes larger than other 
parts, and it becomes easy to generate a crack. Moreover, in deep-drawing shaping in the configuration 
where a contraction ratio is high, since the increment in inflow resistance of a flange becomes large, it 
further becomes easy to generate a crack. Thus, in order to apply ferritic stainless steel / aluminum-clad 
plate to deep-drawing shaping on severe conditions, only by raising the bonding strength of a clad plate 
interface which is indicated by the aforementioned patent official report, there is a limitation, shaping 
becomes unstable and there is a problem of being easy to generate a crack. For that, the ingredient 
behavior of the stainless steel plate in the condition that aluminum was joined itself is important, and it 
is necessary to clarify the conditions of proper stainless steel in considering as aluminum clad. The 
present condition is not found although this advanced technology is an important problem. 
[0008] 

[Means for Solving the Problem] In order that the ferritic stainless steel / aluminum-clad plate of this 
invention may raise a deep-drawing moldability, the grain-size number of ferrite crystal grain consists of 
the ferritic stainless steel and aluminum of the range of 7 to 10. Moreover, this clad plate is 
characterized by the bonding strength after performing diffusion heat treatment after rolling junction 
being 20Ns/mm or more. 
[0009] 

[Function] As a result of investigating the cause of generating of the crack in the case of performing 
deep-drawing shaping of ferritic stainless steel / aluminum-clad plate, especially deep-drawing shaping 
on severe conditions to which a punch shoulder radius becomes large, it became clear that effect was 
greatly received in the magnitude of the ferrite crystal grain of ferritic stainless steel. That is, it is greatly 
influenced by deep-drawing shaping of ferritic stainless steel / aluminum-clad plate at the quality of the 
material of ferritic stainless steel with high reinforcement. When ferrite crystal grain is a coarse grain 
ingredient in ferritic stainless steel, if strong processing is performed, the local vena contracta will be 
produced and it will become easy to produce surface deterioration. Although this local vena contracta is 
generated by the local elongation in the case of processing, when board thickness reduction is 
remarkable (board thickness reduction of a local neck becomes large in the more remarkable ingredient 
of surface deterioration), therefore its processing conditions are severe, in this local neck, it is easy to 
generate the crack on the basis of a local neck. Conversely, since the local vena contracta had arisen 
minutely, distortion distributed and board thickness reduction was controlled when the ferrite crystal 
grain of ferritic stainless steel is a fine grain ingredient, it became clear that it was hard that it comes to 
generate the crack at the time of processing. However, the ferritic stainless steel with which grain 
refining of the ferrite crystal grain was carried out too much is hard, and ductility falls. Especially, with 
ferritic stainless steel / aluminum-clad plate, after ferritic stainless steel is work hardened at the time of 
rolling junction, since softening is not made, ductility falls much more. Therefore, at the time of 
processing, it becomes easy to produce a crack with the lack of ductility. Thus, in deep-drawing shaping 
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of ferritic stainless steel / aluminum-clad plate, it became clear that the magnitude of the ferrite crystal 
grain of ferritic stainless steel had done big effect. 

[0010] Next, the effect of the bonding strength exerted on the deep drawing of ferritic stainless steel / 
aluminum-clad plate is explained. In manufacture of the ferritic stainless steel / aluminum-clad plate of 
which severe workability, such as deep-drawing shaping, is required, when carrying out rolling junction 
of ferritic stainless steel and the aluminum, in order to control work hardening by strip processing of 
ferritic stainless steel, it is desirable to make rolling reduction small as much as possible, and to join. 
When rolling junction is carried out with small rolling reduction, depending on rolling junction 
conditions, bonding strength may become weak. With ferritic stainless steel / aluminum-clad plate with 
powerful bonding strength, even if it performs deep-drawing shaping, exfoliation does not occur, but 
with ferritic stainless steel / aluminum-clad plate with weak bonding strength, if deep-drawing shaping 
is performed, it is possible that the shearing stress generated in the interface of ferritic stainless steel and 
aluminum during shaping cannot be borne, exfoliation arises, and a crack occurs. 
[001 1] In order to examine how to strengthen bonding strength, paying attention to promoting the 
counter diffusion of the atom between metals and strengthening bonding strength, the effect of diffusion 
heat treatment after rolling junction was investigated. The result of having investigated the effect of the 
diffusion heat treatment temperature exerted on the bonding strength after rolling junction at drawing 1 
is shown. Moreover, the T character friction test shown in drawing 2 as an approach of evaluating 
bonding strength was carried out. In addition, the experiment which investigated the effect of the 
diffusion heat treatment temperature exerted on the bonding strength in drawing 1 makes soak the 
holding time in diffusion heat treatment temperature for 30 minutes. Moreover, in the T character 
friction test of drawing 2 , cut down the test piece with a width of face of 10mm from the board width 
center section of ferritic stainless steel / the aluminum-clad plate, after making ferritic stainless steel and 
aluminum exfoliate about 20mm beforehand, attached the tip of a test piece in the chuck of a tension 
tester, and ferritic stainless steel and aluminum were made to exfoliate with **** in a T character mold 
at the rate of 150 mm/min, respectively, the tension load at that time was converted into per width of 
face of a test piece, and it considered as bonding strength. 

[0012] From the result of drawing 1 , even if it carries out diffusion heat treatment temperature at low 
temperature from 200 degrees C, it is not mostly different from the bonding strength after rolling 
junction, but above 200 degrees C, if bonding strength becomes high and exceeds 500 degrees C rapidly, 
bonding strength will fall rapidly. Bonding strength becomes weak in order that an intermetallic 
compound hard [ to the interface of ferritic stainless steel and aluminum ] and weak against it may 
generate, if the spreading effect between metals starts above 200 degrees C and this exceeds 540 degrees 
C. Thus, ferritic stainless steel / aluminum-clad plate with powerful bonding strength can be 
manufactured by performing diffusion heat treatment. 

[0013] Next, the existence of the exfoliation at the time of carrying out deep drawing of the ferritic 
stainless steel / the aluminum-clad plate with which diffusion heat treatment temperature is changed and 
bonding strength differs was investigated. One example of the result investigated to Table 1 is shown. 
[0014] 
[Table 1] 
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[0015] As shown in Table 1, when bonding strength is weak, in the case of deep drawing, exfoliation 
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occurs and it cannot fabricate. Therefore, in order to perform deep drawing without exfoliation, the 
bonding strength of 20Ns/mm or more is required, and it is desirable to perform diffusion heat treatment 
in a 200 to 540 degrees C temperature requirement. 
[0016] 

[Example] Some kinds of ingredients with which grain-size numbers differ in 5 to 12 were used as one 
material with the SUS430 stainless steel of a [example 1] ferrite system, and Al 100 aluminum was used 
as clad material of another side. A grain-size number is US. It measured with the comparison method of 
G0552. Ferritic stainless steel and aluminum were piled up, it heated at 350 degrees C, rolling junction 
was carried out, and the ferritic stainless steel / aluminum-clad plate of 1 .5mm of board thickness 
(ferritic stainless steel: 0.5mm, aluminum :1.0mm) were manufactured. 

[0017] When the manufactured ferritic stainless steel/clad plate were investigated by the T character 
friction test, it was bonding strength strong in mm and 30Ns /. The ingredient which carried out the 
blanking of this the ferritic stainless steel/clad plate performed the shaping test. A punch shoulder radius 
is 50mm in 200mm, and, as for the punch used for shaping, the diameter used the thing of severe 
processing conditions in the processing configuration where an overhang element is strong. Moreover, 
as for the dice, the bore used the dice with a shoulder radius of 10mm by 202.9mm. In order to see the 
effect of a contraction ratio, after setting the diameter of a blank to 320 to 440mm and applying lubricant 
to both sides of a plate, it turned on the aluminum side punch-side, and deep-drawing shaping was 
performed by 2 the 4Ns [/mm ] blank holder force. 

[0018] The propriety result of shaping in case a grain-size number differs from a contraction ratio in 
drawing 3 is shown. O It can fabricate and a crack occurs [ x ]. When it is less than [ with a low 
contraction ratio ] 1.8, deep-drawing shaping is possible for any ingredient of a grain-size number, but 
when a contraction ratio becomes high or more with 1.8 and a grain-size number is larger than less than 
7 and 10, the crack has occurred. When a grain-size number is small, it is observed that the surface 
deterioration in the punch shoulder equivalent section is large, and board thickness reduction is large, 
and a crack occurs in the midst of deep-drawing shaping with the local vena contracta of ferritic 
stainless steel as the starting point. When a grain-size number was large, it was observed that surface 
deterioration is small and board thickness reduction is small, and the cause of a crack was what is 
depended on the lack of ductility. 

[0019] Therefore, by using the ferritic stainless steel / aluminum -clad plate manufactured with the 
ferritic stainless steel which the grain-size number of ferrite crystal grain regulated from 7 to 10 like this 
invention, and aluminum, a punch shoulder radius is large and deep-drawing shaping of it on the 
conditions that a contraction ratio is as severe as [ or more ] 1 .8 is attained. 

[0020] The [example 2] grain-size number used SUS430 stainless steel of the ferrite system which is 
three kinds, 6, 9, and 12, as one material, and carried out cold rolling junction of the Al 100 aluminum 
as a clad material of another side. When the obtained ferritic stainless steel / aluminum-clad plate were 
investigated by the T character friction test, bonding strength was weak in mm and 8.4Ns /. After 
performing diffusion heat treatment at the temperature of 150 to 550 degrees C, the blanking of this the 
ferritic stainless steel / aluminum-clad plate was carried out to the diameter of 400mm, and deep- 
drawing shaping was performed. As a process condition, it considered as severe conditions using the 
same punch as an example 1, and a dice. After applying lubricant to both sides of a plate, it turned on the 
aluminum side punch-side, and deep-drawing shaping was performed by 2 the 4Ns [/mm ] blank holder 
force. 

[0021] The deep-drawing shaping result of the diffusion heat treatment temperature and bonding 
strength after rolling junction is shown in Table 2. 
[0022] 
[Table 2] 
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[0023] A test number was not concerned with diffusion heat treatment temperature in the conditions 
[ number / of 1 to 5 / grain-size ] using the ferritic stainless steel of 6, but exfoliation and a crack 
occurred. Ferrite crystal grain is coarse grain, it is observed that the surface deterioration in the punch 
shoulder equivalent section is large, and board thickness reduction is large, and a crack generates this in 
the midst of deep-drawing shaping with the local vena contracta of ferritic stainless steel as the starting 
point. 

[0024] On condition that test numbers 6 and 7, bonding strength is less than 20Ns/mm, and exfoliation 
occurred at the-time of shaping. The bonding strength which is this invention was 20Ns/mm or more, 
and in the case of the conditions of the test numbers [ number / grain-size ] 8 and 9 using the ferritic 
stainless steel of 9, exfoliation was not generated, either, but it was able to be fabricated. When the test 
number whose diffusion heat treatment temperature a grain-size number is 550 degrees C using the 
ferritic stainless steel of 9 was 10, the alloy layer hard [ to the interface of ferritic stainless steel and 
aluminum ] and weak against it occurred, and since bonding strength fell in mm and 5.3Ns /, exfoliation 
arose during shaping. 

[0025] Moreover, in the conditions [ test number / number / of 1 1 to 15 / grain-size ] using the ferritic 
stainless steel of 12, exfoliation and a crack occurred and it was not able to fabricate. Since the grain- 
size number of ferrite crystal grain was larger than it was observed that there is little surface 
deterioration and board thickness reduction is small as a cause of a crack, it was what is depended on 
ductility having run short. 

[0026] Therefore, the grain-size number of ferrite crystal grain consists of the ferritic stainless steel and 
aluminum of the range of 7 to 10 like this invention, a punch shoulder radius is large and deep-drawing 
shaping of it on the conditions that a contraction ratio is high is attained because T character peel 
strength uses ferritic stainless steel 20Ns [/mm ] or more / aluminum-clad plate. 
[0027] 

[Effect of the Invention] The grain-size number of ferrite crystal grain consists of the ferritic stainless 
steel and aluminum of the range of 7 to 10, and a deep-drawing moldability improves by using the 
ferritic stainless steel / aluminum-clad plate characterized by bonding strength being 20Ns/mm or more. 



[Translation done.] 
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«o»ite*iwt. 7x7^ M^fy^itr^s 

McOJEE&oifc J: &Jolg-(fc£flJi|iiJ-f 3 fc*>lc?$ 



mn->x mm^ttt h z t *«rv^ «^%k<o 

§1^7x54 h&XT>0'XgS/7A'$-'7A?5-*/K 

7/PS ^*7 a ©JWCXt^-frAWBAt: 

til. 

[ooii] s^9ftK*3i<-r6*a*«ii«-4fc«). 



10 ^HHt , <7)ffl^«ffi5l^£(gaS*-C«^!ttK&5W) 

& i t lizm a lt . 

war*-*:*^ urEa2fc3^T**(i«attfcS:aatu 
mwmim&uzmmi. m.mmm.x'<oum 

[SIS: 3 0 ft%}f& kLtzh (TiX'h 4 . ifc, H2^T^| 
jSHS&fcfcWCJi, 7x5-< M&Xf yuaH/TVUS 
-<7A7 5 >y h'«<0«li+*gPJ: Oil 1 0 m mc7)iiS!g&£- 
£«OajU a8Wr»*(SS: : fy>2 0mni(Jt*7i7'f 

^HOf-^-y^CKOWt. 7x74 hRxryux 
latT/WS-^ASr-eix-rfll 5 0mm/m i ncO&g 

"CT*fflfc9is*ar*«6*mis*, *<m<mmmm 

®X<?M%iz o oa* L-C*£9t*fc U:. 
[ooi 2] HiwteHJ: 1 ). &iBKyiraiaieji2oo 

*>4>=5rW#. 2 0 0T;U±T1i«e&im^^<& 
•5.500 XZZMl I tm&gmij&BUztiiT-tb . £ 

*ui 2 o o v^v&jmmsLfflwm 0.540 
x:i«ifti:7x?>f h^xf-w^iir^s-^A 
*>«Bfcw< xM^£mmit&®tf£.fotz> tzmm 

»7A^ 7 -y H«5:SjSt-|> i t tfX'Z h . 
[0013] act, IHUM«l^»X^r«^WKA 

Ymuw.'oMxLtzm^mm.oy^mm&Li-z, mi 

[00 14] 

[«n 



30 



40 







N/mm 




1 




8. 4 




2 


165 


11. 0 




3 


250 


2 3. 5 




4 


330 


5 3. 1 


mi 


5 


530 


6 6. 5 




6 


550 


5. 3 





[00153*1 iz^tJ: 0 iz^^im^^iim^minLcomzmmi^Lmt^mThi, *<r> 



(4) 



1 1-3 1 9970 



JJUiOS^BB&^jSJS-P* 9.20 0°CA>£> 5 4 0 Ttf> 
[00 16] 

[Hffeffl] [*lt«ll] 7x9^f h*«SUS4 3 0^ 
r y U^flTftgS^a* 5 *» ^ 1 2 OieHT'^^ £ 85:8 
a<0ttflfir-*<03Bffc U A 1 1 0 0 T^S-^A* 
mcr>?y v mttb Ut. tt***i J I S G 0 5 
5 2*>Jttta£T«J£LJfc. 7x7^^fVWi 
tT^S-^A$:aia^t)-ti-C3 5 0X:tJn«.LTffi® 10 
jR^UWl. 5mm(7i7-f^fyWi: 
0. 5 mm. T/l'S— *7A : 1 • 0mm ) (DJs.yA b 

[0 0 1 7] SElLfc7x74 h^fyi/Xi/;5 
-yh'«S:T^SOMS^-ClfSL^ti^, 3 0N/mra 

ofc . jiU&fflfcfflV vte^yf-liES** 2 0 0mmW 
y 5 0 m mT'*> 9 . 3S 9 ft LISfeWSv ^DX 

^T«U*llOStftoi0>*fl§V*fc. r^f^tt 20 

|*J&#2 0 2. 9mmT'Ifgl 0 mmO^ 
fc. 89Jt*>l»£*4fcA75>'7&&3 2 0mma» 
^>440mmtL, «^Mffii:aKWr*tt*tfc*. T 

2-C^ l ?B^lrffo^. 

[0018] B3 l3GW#*fc»OH#afc*«£0>J* 

*\ «ojt#i. 8ja±kK<**«^<*B«»^* t 7*3o 



552 WMW!)fMi 



[0019] fli^T. *^<7)«(C7x7^ h&Atta 

W¥f£#*£ < . ROJttfl • 8J2LLi:«U>*frT*> 

[002 0] Lmi6M2] SU^#W6, 9, 12W3 
liWx^-f b^c7)SUS4 3 0Xr>^X^S:-77 
OfMa, Al 1 OOT^S-^AH&TW^-yK 

m&UztZb. fi^3ftK«8. 4N/mmfcil^« 

r*->fe. :a7x7^ h^x-fyux^/r^s-^ 

A? 5 -y K«£ 1 5 0 Ttf>4> 5 5 0'CW^tKSaJ^ 
afcffofcft, Ef34 0 0mmC7'7^y/U^ 
"JJ*#«rffofc. j^^hLTli:. UttWlfcHt^ 

W¥$£7)4N/mm2Ti^9Jd^£ff->*:. 

[0021] ^2 tffis^f^ra^raiaKt^ 
JMtfcW 9 jews****- . 

[0022] 
[£2] 



WSSt 


tig 




N/mm 




m 


1 


6 




8. 4 


mm 




2 


6 


165 


1 1. 0 


m 


3 


6 


2 50 


23. 5 


Wx 


4 


6 


3 30 


53. 1 


«m 


5 


6 


5 50 


5. 3 


Ml 


6 


9 




8. 4 


m 


7 


9 


165 


1 1. 0 


%m 


8 


9 


250 


23. 5 






9 


9 


330 


5 3. 1 


fffimm ■ 


1 0 


9 


550 


5. 3 


ws. 


torn 


1 1 


1 2 




8. 4 


wm 


1 2 


1 2 


16 5 


1 1. 0 


fJIS 


1 3 


1 2 


2 50 


2 3. 5 


#jn 


14 


12 


330 


5 3. 1 


gun 


1 5 


1 2 


5 5 0 


5. 3 


mm 



7x7^ MSfttttffflttT* 0 > ^f-WW3ST«Ollll*50 [0024] S«^## 6 , 70*ttTtt8te3M*tf 2 0 



7 

X'hhfe-tiftte.W 2 0 N/m mtLhT', 

tlV^iI^4l^3II* { 5. 3N/mmiI 
[ 0 0 2 5 ] *fc s mttifttf 1 1 1 5c7)gk#^ 

[0026] *^lt:7 x 5 4 httA&O 

[HI] [02] 



100i . 1 1 1 . 1 3 




(5) #PHU 1-3 19970 

8 

[0027] 

0 . &-£3$S#2 0 N/mmfeLhT** i i: 

[Hi] Ejii^wB^^tiaJa^rteiHMaaffl 
[02] T^MMmmowm 

[03] S5KWJ^rac*rt*ti«#^fcJ:tra») 
1 : Xryi/Xi, 2 : 3 : 5I5S^« 



[03] 



2.2 


-X 


1 ■»■'■ 

X 


O 


— 1 — 

o 


o 


1 

o 


X 


X- 




-X 


X 


0 


0 


o 


o 


X 


X- 




-X 


X 


0 


o 


o 


o 


X 


x- 


* 2 




















•X 


X 


o 


0 


o 


o 


X 


x- 




















1.8 


•X 


X 


0 


0 


o 


o 


X 


X- 




O 


O 


o 


0 


o 


o 


o 


O 


1.6 


O 
— i — 


O 


o 


o 


o 


o 


o 


O 
i_ 






6 




8 




10 




12 



O ASbTA 



